Cognitive control is relevant when distracting information induces behavioral conflicts. Such conflicts can be produced consciously and by subliminally processed information. Interestingly, both sources of conflict interact suggesting that they share neural mechanisms. Here, we ask whether conjoint effects between different sources of conflict are modulated by microstructural basal ganglia dysfunction. To this end, we carried out an electroencephalography study and examined event-related potentials (ERPs) including source localization using a combined flanker-subliminal priming task in patients with X-linked dystonia Parkinsonism (XDP) and a group of healthy controls. XDP in its early stages is known to predominantly affect the basal ganglia striosomes. The results suggest that conjoint effects between subliminal and conscious sources of conflicts are modulated by the striosomes and were stronger in XDP patients. The neurophysiological data indicate that this effect is related to modulations in conflict monitoring and response selection (N2 ERP) mechanisms engaging the anterior cingulate cortex. Bottom-up perceptual gating, attentional selection, and motor response activation processes in response to the stimuli (P1, N1, and lateralized readiness potential ERPs) were unaffected. Taken together, these data indicate that striosomes modulate the processing of conscious and subliminal sources of conflict suggesting that microstructural basal ganglia properties are relevant for cognitive control.
Introduction
Goal-directed behavior is central in daily life and can be complicated when response selection processes have to be shielded from interfering, distracting information. Situations containing distracting information generate response conflicts (Botvinick et al. 2001; Keye et al. 2013 ) and enhance goal-shielding processes to stabilize and protect task goals from interference (Goschke and Dreisbach 2008; Goschke and Bolte 2014) . Such behavioral (response) conflicts can be induced by consciously processed information but also by subliminally processed information (Eimer and Schlaghecken 2003; McBride et al. 2012; Ulrich et al. 2015) . Interestingly, consciously and subliminally processed distractors conjointly modulate volitionally controlled behavior (Boy et al. 2010; Stock et al. 2016) ; that is, they can potentiate their effects by enhancing incompatibility/ incongruence effects once a conflict of the respective other type is present. Critically, the finding that subliminal conflicts can modulate conscious conflicts suggests that they have a similar neural basis (Boy et al. 2010; Stock et al. 2016) . However, it is unclear what functional neuroanatomical structures modulate such conjoint effects.
One candidate structure to consider are the basal ganglia and cortico-striatal circuits that have been shown to play a crucial role in processing of subliminal conflict-related information, as well as consciously induced conflicts (Seiss and Praamstra 2004; Beste et al. 2008a; Farooqui et al. 2011; Willemssen et al. 2011; Beste et al. 2012; Zavala et al. 2013; Haag et al. 2015) . This, together with previous findings indicating that subconscious information modulates conscious conflicts via similar neural processes (Boy et al. 2010; Stock et al. 2016) suggests that the basal ganglia are an important relay of these functions. However, the basal ganglia can be subdivided into 2 microstructural modules, the striosomes and the matrix (Crittenden and Graybiel 2011) . Interestingly, recent evidence from studies in rats suggests that the striosomes specifically modulate conflict monitoring processes emerging during reward-related decisions (Friedman et al. 2015) . This is very plausible because the striosomes receive strong input from mesencephalic dopaminergic neurons and in turn modulate dopaminergic transmission via direct inhibitory projections to dopaminergic neurons in the substantia nigra pars compacta (Prensa and Parent 2001; Fujiyama et al. 2011; Watabe-Uchida et al. 2012) . Consequently, it has recently been shown that reward-related behavioral adaptation is compromised in X-linked dystonia Parkinsonism (XDP), a neurodegenerative disease that can be regarded as a model disease of striosomal dysfunction (Beste et al. 2017) . In humans and nonhuman primates, the medial prefrontal cortex, as well as the posterior orbitofrontal and anterior insular cortices, project predominantly to the striosomes, whereas other prefrontal areas project to the matrix component (Graybiel and Ragsdale 1978; Donoghue and Herkenham 1986; Gerfen 1989; Eblen and Graybiel 1995; Amemori and Graybiel 2012) . All this provides a priori evidence for a role of the striosomes in cognitive processing. More specifically, strong connections between striosomes and medial frontal cortex make an involvement of the striosomes in conflict processing very likely. Importantly, the expected value of control (EVC) theory has suggested that value-based signals depending on reward-related feedback, and for which an involvement of the striosomes has been shown (Friedman et al. 2015) , are also relevant for conflict monitoring processes in the medial frontal cortex (Shenhav et al. 2013 (Shenhav et al. , 2016 . The EVC makes no distinction between subliminal and conscious conflicts. Together, and on the basis of findings suggesting that subconscious information modulates conscious conflicts via similar neural processes (Boy et al. 2010; Stock et al. 2016 ) it is, therefore, possible that the basal ganglia striosomal compartment affects modulatory effects of subconscious information on conscious behavioral conflicts. This would imply that microstructural properties of the basal ganglia are sensitive to different sources of conflicts.
The question of whether striosomal processes affect the modulation of conscious conflicts by subliminal conflicts is examined in an electroencephalography (EEG) study including source localization methods using a paradigm combining a flanker task with a masked subliminal priming task (Boy et al. 2010; Stock et al. 2016) . Event-related potentials (ERPs) reflecting processes of response selection and control have been shown to be modulated by neurobiochemical processes directly measured in the striatum . Similarly, using surface-based ERPs in basal ganglia disorders, it is possible to indirectly infer fronto-striatal mechanisms and to disentangle modulated cognitive subprocesses from the attentional to the motor response level on the basis of timing properties of the ERPs (Beste et al. 2012) . Using ERPs, it has recently been shown that modulatory effects on conscious conflicts by subliminal processes are predominantly reflected by the N2 (Stock et al. 2016) , which is known to reflect conflict monitoring processes (Folstein et al. 2008) . As a basal ganglia model disease to examine the relevance of striosomal processes, we studied patients with XDP (Lee et al. 2011; Weissbach et al. 2015) putatively caused by genetic alterations forming an XDP haplotype located in a region on the X chromosome including the TAF1 gene that is abnormally expressed in affected patients (Domingo et al. 2016) . Recent findings show that executive control processes are specifically altered in XDP patients and it seems that predominantly functions known to involve the medial frontal cortex are affected (Beste et al. 2017) . Therefore, XDP appears as a suitable model because it is characterized by a striatal neurodegenerative process that preferentially affects striosomes and less the matrix component, at least in early disease stages presenting with dystonia or combined dystonia Parkinsonism. In XDP patients with prominent Parkinsonism, usually dominating later phases of the disease, both striosomes and matrix degenerate (Goto et al. 2005) . To examine the relevance of the striosomes for modulatory effects of subliminal on conscious sources of conflict, we included XDP patients in earlier disease stages but not those with advanced disease and severe Parkinsonism. Based on previous results (Stock et al. 2016) , we expect that conflict monitoring mechanisms (reflected by the N2 ERP) are abnormal in XDP. Other processes including perceptual and attentional selection (P1, N1 ERPs), or mental workload and general processing capacity (P3 ERP) should be normal.
Materials and Methods

Sample of Patients and Controls
About, N = 20 male XDP patients were recruited from Manila, Philippines (mean age 46.5, range: 39-61 years). Apart from 1 patient with a disease duration of 17 years, all patients were in their earlier disease stages (average disease duration without the outlier: 5.1 years ± 4.12, average age at onset of all patients: 46.77 years ± 7.39). All patients had been stable on their current medication of clonazepam or biperiden as treatment for dystonia. After obtaining informed consent, all patients underwent detailed neurological examination and clinical motor scoring using the Burke-Fahn-Marsden dystonia score and Parts II (Activities of Daily Living) and III (Motor) of the Unified Parkinson's Disease Rating Scale (UPDRS). All patients presented with components of dystonia and Parkinsonism of varying degrees consistent with previous observations (Lee et al. 1991) . No patient had severe Parkinsonism as a sign of advanced disease. Details on the cohort, including their medications are shown in Table 1 . No other medications than listed in Table 1 were administered. Healthy controls were not taken any medication. Regression analyses (refer to "Secondary Sensitivity Analysis" section further below) show that medication did not affect the results of the study.
Three patients previously underwent insertion of deep brain stimulation (DBS) leads (of the globus pallidus internus bilaterally), and were under continuous stimulation at the time of investigation (bipolar stimulation, 3.0-4.0 V, pulse width of 60-90 μs, and frequency of 130 Hz). However, the DBS patients did not bias the effects in the study (see "Secondary Sensitivity Analysis" section below). All patients were genotyped using blood DNA to confirm the presence of the genetic changes associated with XDP (Methods in Domingo et al. 2015) . Along with the patients, age-matched Filipino controls (all male) were recruited. The study was approved by local ethics committees in Lübeck, Germany, and Manila, Philippines.
Task
The task used in this study is identical to that used in a previous study (Stock et al. 2016) and was based on an experimental paradigm by Boy et al. (2010) . It combines a flanker task with a subliminal priming task to investigate conjoint effects of conflicts induced at the subliminal and conscious level. Participants were instructed to respond by pressing 1 of 2 buttons on a custom-made keyboard placed in front of them. All patients and controls participated in a supervised exercise before the experiment started. During the experiment, a white fixation cross at the center of a black background was presented at the onset of each trial for 100 ms (see Fig. 1 ). Next, a prime (central white arrow pointing either to the left or to the right) was presented for 30 ms on the screen center replacing the fixation cross. Immediately after the prime, a mask was presented for 30 ms in order to produce a stimulus onset asynchrony of 60 ms between prime and target onsets. The mask consisted of an array of randomly distributed white lines. The timing of the mask was chosen to induce a positive compatibility effect (Boy et al. 2010; Stock et al. 2016) . Following the central mask, the target and 2 flankers were presented simultaneously for 100 ms. The target, a white arrow pointing either to the left or to the right was presented in the center of the screen. The flankers were also white arrows located above and below the target, both pointing either in the left or right direction. Participants were asked to respond by pressing the key corresponding to the pointing direction of the central target arrow. Each trial ended either with the first response given or 2000 ms after the onset of the target (in case there was no response). The response-stimulus interval between the participant's first response and the onset of the following trial randomly varied between 1000 and 1200 ms.
Prime and target arrows pointed in the same direction in compatible, and in opposite directions in incompatible trials. Additionally, each trial was classified as congruent or incongruent, depending on whether the target and flankers pointed to the same or opposite directions. Altogether, 384 trials were presented, divided into 4 blocks. All possible combinations of prime/target compatibility, flanker/target congruency, and target pointing direction occurred with equal frequency. The participants each needed approximately 15 min to complete the task.
EEG Recording Analysis
The EEG was recorded from 60 Ag/AgCl electrodes arranged in equidistant positions (500 Hz sampling rate). Electrode impedances were kept below 5 kΩ. Offline, the data were filtered (0.5-20 Hz, 48 db/oct; notch filter at 60 Hz) before a manual inspection of the data was conducted to remove technical artifacts. Then, periodically recurring artifacts (horizontal and vertical eye movements and blinks), as well as muscle artifacts were corrected using an independent component analysis (Infomax algorithm). Components that reveal horizontal and vertical eye movements, blinks, and other muscle artifacts were visually identified by means of recurrent similar waveforms and by the scalp topography. Components reflecting the above-mentioned artifacts were then discarded. The data were segmented according to the 4 experimental conditions (i.e., combinations of prime and flanker stimuli). Each segment started 500 ms before the onset of the prime (set to time point zero) and ended 1000 thereafter, resulting in an overall segment length of 1500 ms. Following this, an automated artifact rejection procedure was applied, using a maximal value difference of 200 μV in a 100 ms interval as well as an activity below 0.5 μV in a 200 ms period as rejection criteria. Then, a current source density transformation (Nunez and Pilgreen 1991) was utilized to re-reference the data, after which the resulting values were stated in μV/m 2 . The current source density transformation was used to eliminate the reference potential from the data. It also allowed spatial filtering to identify electrodes that have to be analyzed for the different ERP components. For baseline correction, a 200-ms time interval was chosen from −500 until −200 ms before the prime onset to obtain a pre-stimulus baseline. Finally, we averaged the segments for each combination of prime compatibility and flanker congruency on the singlesubject level. P1 and N1 ERPs were quantified at electrodes P7 and P8. The P1 on the primes was quantified between 60 and 70 ms, the N1 on the primes between 115 and 130 ms, the P1 on the targets between 160 and 185 ms and the N1 on the target between 230 and 260 ms, because each ERP component was maximal in this time interval. The N2 ERP was quantified at electrodes FCz in the time interval between 280 and 310 ms and the P3 amplitudes at electrode Pz between 350 and 400 ms. The lateralized readiness potential (LRP) was quantified at the electrode pair C3/C4. The e-LRP (dip of the LRP), which is thought to reflect initial motor activation of the correct response in compatible trials (Eimer and Schlaghecken 1998; Leuthold 2011) , was quantified between 200 and 250 ms. The subsequent LRP, which is interpreted as reflecting a subsequent inhibition of the primed response (i.e., correct response in compatible trials) (Eimer and Schlaghecken 1998; Leuthold 2011) , was quantified between 300 and 400 ms. Each of the ERPs was quantified peak to baseline on a single-subject level. Electrodes and time windows used for ERP data quantification were determined by visual inspection. This choice of electrodes and time windows for data quantification were further statistically validated using established methods (Mückschel et al. 2014 ): For each ERP component, a search interval, during which the component is maximal, was defined. Within each of these search intervals, the mean amplitude was extracted for all 60 electrodes including the interpolated reference electrode. Each electrode was subsequently compared against the average of all other electrodes using Bonferroni-correction for multiple comparisons (critical threshold P = 0.0007). Only electrodes that showed significantly larger mean amplitudes (i.e., negative for N-potentials and positive for the Ppotentials) than the remaining electrodes were selected. This validation procedure revealed the same electrode position as the visual inspection. The electrodes and time windows for data quantification strongly overlap with a recent study using exactly the same paradigm (Stock et al. 2016 ).
Source Localization and Analysis
Source localization analyses were carried out using sLORETA (standardized low resolution brain electromagnetic tomography; Pascual-Marqui, (2002)). sLORETA provides a single linear solution to the inverse problem (Pascual-Marqui 2002; MarcoPallarés et al. 2005; Sekihara et al. 2005) . It partitions the intracerebral volume into 6239 voxels at 5 mm spatial resolution before calculating the standardized current density at each voxel in a realistic head model using the MNI152 template. Voxels with significant differences (P < 0.01, corrected for multiple comparisons) between contrasted conditions and groups were located in the MNI-brain. Obtained voxel-based sLORETA images for the different calculated contrasts between groups and conditions were calculated using the sLORETA-built-in voxel-wise randomization tests with 2000 permutations, based on statistical nonparametric mapping. Several EEG/functional magnetic resonance imaging (fMRI) and EEG/TMS studies underline the validity of the sources estimated using sLORETA (Sekihara et al. 2005; Dippel and Beste 2015) .
Statistics
Mixed-effects analyses of variance (ANOVAs) were used to analyze behavioral and neurophysiological data. The models included the between-subject factor "group" (XDP patients vs. healthy controls) as well as the within-subjects factors "prime compatibility" (compatible vs. incompatible pointing directions of prime and target arrows) and "flanker congruency" (congruent vs. incongruent pointing directions of the flankers and target). Additionally, the within-subject factor "electrode" was included when necessary. Greenhouse-Geisser correction was applied to F-tests and post hoc tests were Bonferroni-corrected. For all descriptive statistics, the standard error of the mean (SEM) is given as a measure of variability.
Results
Behavioral Data
The analysis of the reaction time (RT) data in the mixed-effects ANOVA revealed a main effect "flanker congruency" (F 1,38 = 117.32; P < 0.001; η 2 p = 0.755) showing that RTs were longer in trials with incongruent (508 ms ± 8) than congruent flankers (413 ms ± 6). The main effect "prime compatibility" (F 1,38 = 89.16; P < 0.001; η 2 p = 0.701) showed that RTs were longer in trials with incompatible (491 ms ± 7) than compatible primes (430 ms ± 5). The main effect group (F 1,38 = 32.65; P < 0.001; η 2 p = 0.462) showed that RTs were longer in the XDP group (489 ms ± 7) than in the control group (432 ms ± 7). Importantly, there was an interaction "prime compatibility × flanker congruency × group" (F 1,38 = 6.27; P = 0.017; η 2 p = 0.142). This interaction is shown in Figure 2 .
Separate ANOVAs for each group revealed an interaction "prime compatibility × flanker congruency" in the XDP group (F 1,19 = 28.98; P < 0.001; η 2 p = 0.604) and in the control group (F 1,19 = 4.48; P = 0.048; η 2 p = 0.191), but the interaction was stronger in the XDP group as indicated by the higher η 2 p in the XDP group than in the control group. Figure 2 suggests that the effect is due to stronger prime compatibility effects in incongruent flanker trials in the XDP group than in the healthy control group with the effects that group differences were strongest in trials with incompatible prime information and incongruent flanker information. This is underlined by the post hoc tests. The difference between compatible and incompatible primes in the incongruent flanker condition was larger in the XDP group (137 ms ± 18) than in the control group (69 ms ± 16) (t(38) = 2.78; P = 0.008). In the congruent flanker condition, the variations in the primes did not differ between groups (t(38) = −0.65; P > 0.25). RTs were longer in XDP patients than controls in the incongruent flanker/incompatible prime condition (t(38) = 5.19; P < 0.001; d = 1.65). The same was the case in the incongruent flanker/compatible prime condition (t(38) = 3.99; P < 0.001; d = 1.36), but the effect size was smaller.
Concerning the accuracy data (i.e., percentage of corrected responses), mixed-effects ANOVA revealed a main effect "flanker congruency" (F 1,38 = 22.08; P < 0.001; η 2 p = 0.368) showing that accuracy was higher in congruent (91.21 ± 0.47) than incongruent flanker trials (87.95 ± 0.59). The main effect "prime compatibility" (F 1,38 = 21.81; P < 0.001; η 2 p = 0.365) revealed that accuracy was higher on compatible (91.68 ± 0.37) than on incompatible prime trials (87.47 ± 0.77). A main effect "group" (F 1,38 = 10.96; P = 0.002; η 2 p = 0.224) indicated that XDP patients were less accurate (88.25 ± 0.58) than controls (90.93 ± 0.57). No interaction effect was significant (all F < 0.85; P > 0.35), which shows that differences in interaction effects of different sources of conflict between groups were confined to the speed of responding.
Neurophysiological Data
P1 and N1 ERPs
The P1 and N1 ERP components pooled across electrodes P7 and P8 are shown in Figure 3 .
None of the investigated factors or interactions reached significance for prime-elicited peak P1 amplitudes (all F < 1.55; P > 0.3) or latencies (all F < 1.11; P > 0.4). The same was true for prime-elicited N1 peak amplitudes (all F < 1.34; P > 0.3) or latencies (all F < 1.51; P > 0.2).
For the P1 amplitudes on the target no main or interaction effect was significant (all F < 1.31; P > 0.3) and there were also no main or interaction effect regarding the P1 latencies on the target (all F < 0.55; P > 0.5). For N1 amplitudes on the target, there was a main effect of prime compatibility (F 1,38 = 12.15; P < 0.001; η 2 p = 0.395) with larger amplitudes in incompatible trials (−22.13 ± 2.11) than in compatible ones (−19.12 ± 2.33). All other main or interaction effects were not significant and there were also no main or interaction effect in the latencies (all F < 1.13; P > 0.2).
N2 ERP
The N2 is shown in Figure 4 (left panel).
For the N2, the mixed-effects ANOVA of the main effect "flanker congruency" (F 1,38 = 58.17; P < 0.001; η 2 p = 0.605) showed that incongruent flanker were related to larger (more negative) N2 amplitude in trials with incongruent (−20.08 ± 1.12) than congruent flankers (−11.52 ± 0.85). The main effect "prime compatibility" (F 1,38 = 21.60; P < 0.001; η 2 p = 0.362) revealed that the N2 was more negative on trials with incompatible (−18.34 ± 1.11) than compatible prime information (−13.26 ± 0.85). The main effect "group" (F 1,38 = 4.81; P = 0.035; η 2 p = 0.172) showed that the N2 amplitude was reduced (less negative) in XDP patients (−13.67 ± 1.17) compared with controls (−18.89 ± 1.17). Importantly, there was an interaction "prime compatibility × flanker congruency × group" (F 1,38 = 6.80; P = 0.013; η 2 p = 0.152), as shown in Figure 4 (right panel). As can be seen, there was no interaction "prime compatibility × flanker congruency" in the XDP group (F 1,19 = 0.01; P > 0.9; η 2 p = 0.001). However, this was the case in the control group (F 1,19 = 11.27; P = 0.003; η 2 p = 0.372). While controls showed a higher N2 in incongruent flanker trials with incompatible compared with compatible prime information (t(19) = 4.23; P < 0.001), no such effect was present in XDP patients (t(19) = 1.57; P > 0.2). In the condition, where incongruent flanker information coincided with incompatible prime information the N2 was larger (more negative) in controls than in XDP patients (t(38) = 3.22; P = 0.003). No such difference is seen in incongruent flanker/compatible prime condition (t(38) = 0.54; P > 0.5). For the group effect in the incongruent flanker/incompatible prime condition, the sLORETA analysis (corrected for multiple comparisons) shows that modulations in the N2 amplitude between groups are due to activation differences in the anterior cingulate cortex (ACC) (Fig. 4 left panel) . There were no main or interaction effects in the latency of the N2 (all F < 0.34; P > 0.5).
P3 ERPs
The P3 ERP component is shown in Figure 5 . None of the investigated factors or interactions reached significance for the peak amplitudes (all F < 1.12; P > 0.3) or latencies (all F < 0.91; P > 0.4).
Lateralized Readiness Potential
The LRP is shown in Figure 6 .
For the e-LRP (dip of the LRP), which is thought to reflect initial motor activation of the correct response in compatible trials (Eimer and Schlaghecken 1998; Leuthold 2011) , the mixed-effects ANOVA revealed a main effect "flanker congruency" (F 1,38 = 7.69; P = 0.009; η 2 p = 0.168) showing that e-LRP was more positive with incongruent (2.97 ± 0.61) than congruent flanker information (0.70 ± 0.35). A main effect "prime compatibility" (F 1,38 = 20.28; P < 0.001; η 2 p = 0.348) indicated that the dip was also more positive in trials with incompatible (3.03 ± 0.41) than in those with compatible primes (0.64 ± 0.36). No other main or interaction effects were significant (all F < 0.21; P > 0.7).
For the LRP which is thought to reflect a subsequent inhibition of the primed response (i.e., correct response in compatible trials) (Eimer and Schlaghecken 1998; Leuthold 2011) , there was a main effect "flanker congruency" (F 1,38 = 15.63; P < 0.001; η 2 p = 0.291) showing that the LRP was stronger (more negative) in trials with incongruent (−6.14 ± 0.36) than congruent flanker information (−4.19 ± 0.37). The main effect "prime compatibility" (F 1,38 = 20.62; P < 0.001; η 2 p = 0.352) showed that the LRP was larger on trials with incompatible (−6.51 ± 0.38) than compatible prime information (−3.82 ± 0.41). All other main or interaction effects were not significant (all F < 1.13; P > 0.2).
Regression Analysis
The preceding data analysis shows that conjoint effects between subliminal and conscious sources of conflicts varied between groups, as reflected in the RT data and the N2-component ERP data. The combination of incongruent flanker and incompatible prime information differed most between groups. To examine whether modulations at the neurophysiological level predict differences in behavioral performance between groups, we performed a regression analysis that was significant (F 2,37 = 25.17; P < 0.001; R 2 = 0.576). Both "group" (β = −0.434; t = −3.59; P = 0.001) and "N2 amplitude" (β = 0.453; t = 3.75; P = 0.001) were significant predictors. The scatterplot with correlations for each group is shown in Figure 7 . Significant positive correlations are shown for both the XDP group (r = 0.671; R 2 = 0.45; P = 0.001) and the control group (r = 0.583; R 2 = 0.33; P = 0.003). Thus, more negative N2 amplitudes
were correlated with shorter RTs. However, as already indicated by the significant factor "group" in the regression model, the slope of the regression line was different between groups and is steeper for controls than for XDP patients. N2 amplitude variations thus have a stronger effect on behavioral performance in controls than in XDP patients.
Secondary Sensitivity Analysis
It may be argued that the 3 patients with DBS in the internal segment of the globus pallidus and one patient with a disease duration of 17 years bias the above analyses. We, therefore, repeated all analyses excluding these 4 patients. The exclusion of these patients did not change the pattern of results (see Supplementary analysis 1 for details). Also, regression analyses showed that there were no correlations between doses of different medications with behavioral and neurophysiological parameters (all F < 1.45; P > 0.3 and all β < 0.023; P > 0.456). There were also no correlations with clinical parameters (all r < 0.123; P > 0.3).
As outlined in the introduction, the work of Goto et al. (2005) suggests that neurodegeneration in patients with Parkinsonism is less specific affecting both striosomal and matrix compartments. Clinical data in Table 1 with a mean total UPDRS score of 38 indicate that there was a considerable degree of Parkinsonism in our patient group. This was addressed in Supplementary analysis 2 which showed that our experimental results (i.e., behavioral and neurophysiological data) were the same when only a subset of XDP patients with low UPDRS scores were included in the main analyses. Moreover, the inclusion of the UPDRS scores (motor, activity of daily living, and total score) as a covariate in the statistical models did not alter the result pattern.
Discussion
Subconscious information processing has repeatedly been reported to affect or modulate consciously controlled behavior, particularly when the subliminal input matches currently active task sets (Schlaghecken and Eimer 2004; Parkinson and Haggard 2014) . Unlike consciously perceived distractors though, such subliminal input cannot be subject to top-down volitional control (Boy et al. 2010) . It has, therefore, been argued that subliminal and consciously perceived distractors evoke different types of response conflicts (Boy et al. 2010 ), which do not simply sum up but conjointly modulate volitionally controlled behavior (Boy et al. 2010; Stock et al. 2016) . Currently, there is no study on the functional neuroanatomical underpinnings of such conjoint effects of different types of conflicts, but several lines of evidence suggest that microstructural properties of the basal ganglia, particularly striatal sub-segregation into striosomal and matrix component, may be relevant. In the current study, we examined whether the basal ganglia striosomes affect modulatory effects of subconscious information on conscious behavioral conflicts. To this end, we compared a group of XDP patients with healthy controls and examined the groupdependent modulations on a neurophysiological and behavioral levels.
Controls showed a supra-additive effect of conflict load. Introducing solely 1 type of conflict (i.e., prime incompatibility "or" flanker incongruence) induced moderate performance impairments compared with a trial where both prime and flankers matched the target. However, when the respective other type of conflict was added (i.e., flanker incongruence "and" prime incompatibility were combined), RTs increased over and above compared with trials with 1 type of conflict only. Such disproportional effects between subliminal and conscious sources of conflict were more pronounced in XDP patients suggesting that these effects are modulated by neuropathological changes in these patients. Given that in these patients, particularly in those with dystonia or combined dystonia and Parkinsonism, who were included in this study, there is preferential, albeit not exclusive, neurodegeneration of the striosomal compartment (Goto et al. 2005) , the results suggests that striosomal functioning considerably contributes to the architecture of cognitive control. Importantly, the same behavioral and neurophysiological results were obtained (1) when only a group of early stage XDP patients was examined, in whom there is selective degeneration of the basal ganglia striosomal compartment (Goto et al. 2005) , and (2) when the DBS patients and patients with long disease duration were excluded, which underscores the validity of our results. The finding that results were the same regardless of whether only early disease stage or later disease stage XDP patients were enrolled shows that changes to structures other than the striosomes that may become evident in XDP patients in later stages (Goto et al. 2005; Pasco et al. 2011) are not crucial determinants of our findings.
At the neurophysiological level P1 and N1 ERPs did not reflect the modulations observed at the behavioral level. This suggests that early bottom-up perceptual gating or attentional selection processes in sensory cortices related to the processing of the incoming stimulus information, known to be reflected by P1 and N1 ERPs (Herrmann and Knight 2001; Klimesch 2011) are not involved and not altered in XDP. Similarly, processes related to the activation of the motor response (i.e., e-LRP and LRP) were also not differentially modulated between groups and experimental conditions, indicating that the changes in XDP patients are not due to deficits of motor preparation as might be expected in a movement disorder. Also, mental workload and general processing capacity, which have been suggested to be reflected by the P3 (Kok 2001) were not affected. Behavioral performance correlated with amplitude changes of the N2 ERP component, which has repeatedly been shown to be modulated by cognitive conflict (van Veen and Carter 2002; Folstein et al. 2008 ). The main finding was that the incongruence effect, that is, N2 amplitude increase in response incongruent compared with congruent flanker information was augmented by incompatible primes in healthy controls but not in XDP patients. Source localization analysis indicated that these N2 amplitude differences were due to activation changes in the ACC that has frequently been reported to be engaged in conflict monitoring (Folstein et al. 2008) . Since behavioral response conflicts have been shown to trigger cognitive control processes reflected by the N2 (Botvinick et al. 2001; Keye et al. 2013) , the data show that XDP patients cannot increase cognitive control when conflicting subliminal information further increases the effects of conscious behavioral conflicts. The results suggest that the striosomes affect these mechanisms. Similar effects have already been found in other basal ganglia diseases (Beste et al. 2008a (Beste et al. , 2008b (Beste et al. , 2012 , and are particularly likely to also occur in XDP, because the striosomes have been shown to be closely connected to the medial frontal cortex (Eblen and Graybiel 1995; Amemori and Graybiel 2012) . According to the EVC theory, conflict monitoring depends on value-based signals (Shenhav et al. 2013 (Shenhav et al. , 2016 , for which the dopamine system modulating the striosomes plays an important role (Prensa and Parent 2001; Fujiyama et al. 2011; WatabeUchida et al. 2012; Friedman et al. 2015) . On the basis of the obtained results it may be speculated that one role of the striosomes is the computation of value-based signals. This has to be investigated more directly in future studies.
Conflicts also foster goal-shielding processes to stabilize task goal representations (Goschke and Dreisbach 2008; Goschke and Bolte 2014) . From this perspective, it is conceivable that such goal-shielding processes (i.e., protection of task goals from interference) are reflected by the observed N2 modulations. When both types of conflicts are conjointly activated, goal-shielding processes seem to become increased in a supraadditive manner to support behavioral persistence and cognitive stability. This interpretation is supported by the findings in the correlation analyses, where a larger (more negative) N2 was related to shorter RTs, especially in the condition where subliminal and conscious conflicts coincide. The fact that modulation of the N2 between compatible and incompatible primes in the incongruent flanker condition was smaller and behavioral impairment caused by incompatible primes was larger in XDP compared with controls suggests that striosomal dysfunction compromises goal-shielding mechanisms and decreases behavioral persistence and cognitive stability. As a corollary, it is reasonable to hypothesize that striosomal processes contribute to goal-shielding mechanisms.
A limitation of our study is that although the results suggest that the medication status of the patients did not affect the pattern of results, such an effect cannot be completely excluded because medication effects could be nonlinear and not follow a correlation function. In the future, de novo untreated XDP patients should be tested. Such studies should also aim for incorporating structural MRI measures. To elucidate the role of microstructural elements of the basal ganglia further, it may be interesting to investigate patients with multiple system atrophy (MSA) with predominantly parkinsonian features (MSA-P). This is because it was suggested that in MSA-P there is selective loss of matrix medium spiny neurons in early stages of the disease (Sato et al. 2007; Crittenden and Graybiel 2011) . This is also relevant when it comes to other basal ganglia disorders. For instance, it is likely that Huntington disease patients will show a pattern similar to XDP because there is also striosomal degeneration in these patients (Crittenden and Graybiel 2011) .
In summary, this study employed a human disease model (XDP) to examine the likely relevance of striosomal processes for cognitive control. The results suggest that modulatory effects of subconscious information on conscious behavioral conflicts seem to be affected by the basal ganglia striosomes and are stronger when there is preferential striosomal neurodegeneration. The neurophysiological data indicate that this effect is related to modulations in goal-shielding mechanisms also involving the ACC, but not perceptual gating, attentional selection, and response selection processes. Neurophysiological mechanisms predicting performance when subconscious information modulates conscious behavioral conflicts appear to have a lower efficacy in conflicting situations when striosomes are dysfunctional.
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